Objective: Activity has been demonstrated in promoting bone mass in infants and adults. One of the major signs of fetal activity may be the length of the umbilical cord. We hypothesized that the fetus with a shortened umbilical cord may have low bone mineralization because of decreased movement or activity.
Introduction
The human fetus accumulates calcium and phosphate in the bones throughout gestation. However, it is during the last trimester in which the accumulation is the highest. The placenta is the major organ for the transfer of calcium and other important nutrients for the fetus' bones, with the umbilical cord being the major conduit from the placenta to the fetus.
Activity has been demonstrated in promoting bone mass in infants 1 and adults. 2 Inactivity leads to decreased bone mineralization. The effect of fetal activity on bone mass has not been clearly defined. One of the major reflections of fetal activity may be the length of the umbilical cord. The length of the cord is dependent on fetal movements, with an active fetus having a longer cord than inactive fetus. Thus, the length of the umbilical cord may reflect the in utero movement and activity of the fetus. 3 To test the hypothesis that a fetus with a short umbilical cord will have lower bone strength because of decreased movement or activity than a fetus with a longer umbilical cord, we studied the bone quality in 23 newborns using quantitative ultrasound (QUS).
Methods
Newborn healthy singleton term infants were enrolled from the University of Utah Newborn Nursery, when the umbilical cord length was noted to be short by the obstetrician or obstetrical staff. Mothers' age, parity, infants' gender, birth weight, birth length, birth head circumference, and the placenta wet weight were recorded. Mothers with pre-eclampsia or hypertension, chorioamnionitis, oligohydramnios, or prolonged rupture of membranes were excluded from the study. Infants with congenital anomalies, prematurity, breech position, or neuromuscular disorders were also excluded. This study was approved by our institutional review board. Informed consent was obtained from the infant's parents.
The umbilical cord length from the insertion sites from the infant to the placenta and the umbilical diameter were measured using a metal or plastic tape measure. The newborn's tibia speed of sound (SOS) was determined at the tibia mid-shaft area using the Sunlight Onmisense 7000 P scanner (Sunlight Medical Inc. Somerset, NJ, USA) with the CS probe. The probe measures the SOS along a 2.8 cm fixed longitudinal distance with pulse transmission at a frequency of 1.25 MHz. Three to five QUS measurements were made by repositioning the probe; the mean value of these measurements was used for the data analysis. QUS is a noninvasive and radiation-free method of evaluating bone status. Ultrasound refers to a range of frequencies that starts at the end of the audible range and extends into the megahertz range. QUS measures the time taken by the ultrasound signal to travel between two transmitters and two receivers contained within the ultrasound probe. The bone SOS is expressed as meters per second and is independent of soft tissue thickness. The QUS is related to the bone strength that reflects the bone density, architecture, and mineralization. 4 The SOS measurement reproducibility was 0.8 ± 0.6%. This method has been used in infants 5 and adults. 6 Correlation of SOS with bone mineral density by dual X-ray absorptiometry ranged between 0.6 and 0.9.
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Categorical data were evaluated by w 2 analyses. Comparison between groups was studied by nonparametric tests. Correlations were evaluated by regression analyses. Statistical significance was set at P<0.05.
Results
There were eight newborns with short umbilical cords. Fifteen newborn infants with normal umbilical cord lengths served as controls. The cord lengths were different between the two groups but not the cord diameter (Table 1 ). There were no differences between the two groups in the mother's age, parity, newborn's gender, newborn's birth weight, or placenta weight (Table 1) . Infants with a short umbilical cord had lower bone SOS measurements than infants with normal cord length (3047 ± 107 m/sec vs 3194±311 m/sec, P<0.05). The newborn's SOS was correlated only with the umbilical cord length (R ¼ 0.57, P ¼ 0.008) and not with maternal age, infant gender, birth weight, placenta weight, or umbilical cord diameter.
Discussion
From this preliminary study, we found that infants with a short umbilical cord had lower bone SOS measurements compared with infants with a longer cord. We postulate that this difference may be due to the restricted activity of the fetus with the short cord. Decreased fetal movements and activity have been associated with decreased infant bone mineralization. 7 Restriction of the fetus' movement can arise from intrinsic and extrinsic factors. Intrinsic factors such as neuromuscular disorders [8] [9] [10] have resulted in infant bone demineralization and fractures. Extrinsic factors such as congenital arthrogyposis from uterine restriction in oligohydramnios or the fetus in breech presentation have also been reported to result in a fetus with poor bone mineralization or SOS. [11] [12] [13] Our study highlights the association of the short umbilical cord from fetal inactivity with lower bone strength and mineralization.
The length of the umbilical cord is dependent on the fetal movement or activity 3, 14 Newborn infants with Down's syndrome with the associated hypotonicity and reduced fetal activity have significantly shorter umbilical cords than controls, 45 cm vs 57 cm. 15 Thus, short cords reflect less fetal movement compared with longer cords. The mechanism on how activity stimulates bone mineralization is complex. Movement or activity is known to promote bone formation in infants 16 and adults. 17 Activity produces a mechanical strain on bones that indirectly stimulates the bone cell through fluid flow through the canalicular spaces. 18 The movement of the extracellular fluid through the network of spaces may stimulate bone cells through the creation of differential electrical potentials and the generation of shear stress on the osteocyte cell membrane 19, 20 This activation increases intracellular calcium, prostaglandin, and nitric oxide that may signal osteoblast proliferation and differentiation and increase bone formation. 21 The activation of these signal transduction pathways ultimately leads to changes in bone formation that alters bone structure to meet the mechanical demands placed on it. 22 The umbilical cord helps protect the vessels between the fetus and the placenta. It is formed early in gestation generally by the fifth week.
14 The average length of the umbilical cord is 60 cm with reported range of 15 to 130 cm. 23 In our study, our control's average length was 56.5 cm, whereas our experimental group measured 46 cm. We measured the cord length postnatally, but the cord length can be determined prenatally with ultrasound. 24 Short umbilical cords occur in approximately 6% of pregnancies. 25 The presence of a short umbilical cord has been associated with complications of labor and delivery, 26, 27 amniotic adhesion malformation syndrome, 30 and abdominal wall defect with kyphoscoliosis. 31 It is unclear the clinical significance of a decreased fetal bone strength. Catch up bone strength for these affected infants is unknown. The SOS difference may reflect other bone qualities not known. Early bone strength may aid in obtaining ones peak bone mass and may help prevent future fractures and adult osteoporosis. 
Conclusion
Infants with shorter umbilical cords have a lower tibia SOS measurement compared with infants with normal length cords and this finding is likely due to decreased level of activity.
